Introduction {#s1}
============

Food provided by food banks and food pantries can be an important source of nourishment for people suffering hunger and food insecurity. Such aid was traditionally a charitable intervention to meet emergent or short-term needs. However, enduring poverty in affluent countries and a confluence of political and societal factors have increasingly driven charitable food banks and pantries to provide food for large segments of society with chronic food insecurity ([@B1]--[@B7]). The growing reliance on food banks in affluent countries makes it vital to gauge their long-term effect on the health and wellbeing of those who routinely depend on their food.

"Food banks" refers to "wholesale" operations that typically procure and redistribute donated or purchased food through a network of smaller food pantries. These pantries, often local charities that serve different populations and operate independently of one another, have widely varying modes of operation, resources and capacity. As a result, the quality and quantity of food reaching aid-recipients varies widely. Moreover, because distributing perishable nutrient-dense food (i.e., meat, dairy, fruits, and vegetables) requires considerable investments in infrastructure and expertise, many food banks distribute staples that do not require refrigeration, have a long shelf-life and are replete in calories but poor in essential micronutrients and minerals ([@B7]--[@B9]). Habitual consumption of such poor quality food might compound the ill effects of poverty-driven high-calorie and low-nutrient diets ([@B10]--[@B12]) associated with obesity, mineral, and vitamin deficiencies, and a high risk of chronic diet-related diseases including high blood pressure, diabetes, cardiovascular disease, and anemia ([@B13]--[@B17]). Food banks that provide nutrient-dense perishable food such as fruit and vegetables are likely to improve the quality of the food distributed by their partners and importantly also the nutrition and health of the households they serve. Nevertheless, because the impact of "wholesale" foodbanks is indirect, it is essential to develop the means to ascertain the predicted benefit to the individual recipient or household and its magnitude.

The difficulty of assessing both the nutritional quality of food pantry parcels and the individual aid-recipient\'s nutrition and health may explain why such data are sparse ([@B18], [@B19]). Two extensive reviews of the scientific literature published in 2017 found only 9 studies of pantry food quality and 16 studies of user diet quality (conducted in the USA, Canada, Australia, and France) ([@B20], [@B21]). Importantly, these reviews conclude that the dietary intake of pantry users failed to achieve dietary recommendations and that food pantries were largely unable to support healthy diets. They suggest increasing distribution of nutritious perishable food such as fruit and vegetables to improve the quality of pantry users\' diets. However, no study has yet quantified the health benefit to aid recipients of fruit and vegetable distribution by wholesale food banks through food pantry networks.

Israel is a prominent example of an affluent country with widespread and persistent food insecurity. Government data indicate that nearly one in five Israelis (18.9%) experience some degree of food insecurity, while 8.6% suffer severe food-insecurity. This means that 747,000 people including 285,000 children in 243,000 households are severely food insecure ([@B22]). An estimated 1,200 non-profit organizations and charities, the majority of which are small local charities and food pantries and a handful of larger national organizations, have emerged to meet this crying need. A recent government pilot "National Food Security Initiative" aims to distribute a modest monthly allowance of fruits and vegetables, staple foods, and cash benefits equivalent to 250 NIS (\~65 US dollars) per month to 10,800 families throughout the country ([@B23]). To avoid creating new entitlements and bureaucracy the pilot is conceived as a sort of "public-private partnership" that relies on the collective resources, infrastructure, reach, and expertise of three philanthropic food banks, *Leket Israel, Latet, and Eshel Jerusalem*.

*Leket Israel* is the largest food bank in Israel. A "wholesale" operation, it specializes in collecting and redistributing highly perishable foods and rescuing surplus fruits and vegetables ([@B9]). It currently provides food to \~220 independent local food pantries, soup kitchens and other non-profit organizations (NPOs) throughout the country with no direct contact with the final aid recipients. The aid from Leket Israel (largely fruits and vegetables) is combined with other food that each NPO procures and distributes according to their own criteria. As a result, clients of different food pantries receive food aid of differing quantity and quality.

We designed this exploratory study of adult Israeli food pantry users to examine the relationship between the quality of the food baskets distributed by multiple NPOs and the recipients\' nutrition and health. Our study had three specific aims: to develop a feasible method of evaluating the nutritional quality of both the food supplied and the diets of the food-insecure population that regularly receives aid from *Leket Israel*\'s food security network but has no direct contact with the food bank; to measure the contribution of the *Leket Israel* food bank to the nutritional value of the food baskets distributed by their partner food pantries; and to gauge how the quality of the food baskets provided to households by different food pantries affects the food security, habitual dietary quality, and health of individual aid recipients in those households.

Methods {#s2}
=======

The Hebrew University Institutional Ethics Committee for Research Involving Human Subjects granted ethical approval for this study.

The study was designed as a structured, cross-sectional telephone survey of food-security, diet and health, among 100 food-aid recipients receiving assistance from non-governmental/non-profit food pantries (NPOs) partnering with the "Leket Israel" food bank. At the time the study was designed, there were \~180 NPOs serving 140,000 clients throughout the country that partnered with Leket Israel and included their fruits and vegetables in their food baskets.

We classified the NPOs and selected those invited to participate in the study based on their location, size, method of food distribution, and demographic characteristics of their clientele. The obtained convenience sample of pantries represented all regions, sizes, methods of operation, as well as characteristics such as the foods distributed and their sources, Leket Israel\'s contribution to the food baskets, and the NPO\'s clientele demographic. We aimed to survey between 5 and 10 individual clients from each NPO. If a selected NPO declined to participate, an alternate NPO with similar characteristics was invited. Ultimately, 16 of 22 invited NPOs enlisted in the survey with a total of 105 participants (Table [1](#T1){ref-type="table"}).

###### 

Characteristics of the food pantries participating in this study.

  **Pantry number**   **Main population served**   **Geographical area**   **Number of households served by the pantry**   **Type of food distributed**   **Number of individual aid-recipients recruited for the study**
  ------------------- ---------------------------- ----------------------- ----------------------------------------------- ------------------------------ -----------------------------------------------------------------
  1                   Jewish mixed                 North                   80                                              FV                             7
  2                   Jewish mixed                 North                   95                                              FV, DF, D                      7
  3                   Jewish elderly               South                   50                                              FV                             8
  4                   Druze                        North                   120                                             FV, DF                         9
  5                   Bedouin                      South                   1500                                            FV, FD, D, M                   4
  6                   Muslim Arab                  Center                  600                                             FV, FD, Eggs, M                7
  7                   Jewish mixed                 Center                  560                                             FV, DF, M                      2
  8                   Jewish mixed                 Center                  150                                             FV, DF, D, Eggs, M             7
  9                   Jewish mixed                 North                   380                                             FV, DF, D, M                   7
  10                  Jewish mixed                 Center                  275                                             FV, DF                         3
  11                  Jewish mixed                 North                   1000                                            FV, DF, D, Eggs, M             4
  12                  Jewish mixed                 North                   525                                             FV, DF, M                      13
  13                  Jewish mixed                 North                   300                                             FV, DF, D                      10
  14                  Jewish mixed                 North                   400                                             FV, DF, D, M                   11
  15                  Jewish mixed                 South                   170                                             FV, DF                         1
  16                  Jewish mixed                 South                   380                                             FV, DF, D, M                   5

*The food pantry staff provided food pantry descriptions. Food pantries serving "mixed population" serve anyone in need rather than particular sectors and therefore include elderly individuals, large households, single mother households, new immigrants, etc. FV, fruits and vegetables; DF, dry foods; D, dairy; M, meat*.

Participating NPO staff recruited volunteers from among their clients so as to obtain a representative demographic of the NPO\'s clientele. Depending on the NPO\'s normal modus operandi NPO staff invited all clients to participate in the survey at the client\'s home, at the food distribution point, or by phone. The staff explained the study to participants and obtained signed, written, informed consent from those who volunteered to participate. Written informed consent explicitly specified that participation was completely voluntary, that participants had the right to decline to answer any questions or to withdraw their consent at any time, and that a choice to decline would in no way impinge on the assistance received from the NPO. Upon consent, the phone number and first name of the participant were provided to the survey interviewer. In one NPO, subjects were recruited indirectly through flyers inserted in the food baskets rather than by NPO\'s staff. In this case, clients who wished to participate in the study contacted the researchers directly by phone and sent the informed consent form electronically. Individuals were excluded if they were unable to understand the questions or any of the interview languages, suffered from any physical or mental disability that might inhibit comprehension, or were unable or unwilling to sign the written informed consent.

Participants answered a structured telephone interview that consisted of an explanation regarding the study; a demographic questionnaire; a food security questionnaire; self-reported anthropometric measurements and health status; and a food frequency questionnaire (FFQ) (see [Online Supporting Information](#SM1){ref-type="supplementary-material"}). Before beginning the survey, the telephone surveyor obtained verbal confirmation of the written informed consent, clarifying once more that participation in the survey was completely voluntary, that participants had the right to decline to answer any questions or to withdraw their consent at any time, and that a choice to decline would in no way impinge on the assistance received from the NPO. Subjects completing the survey were compensated for their time with supermarket food vouchers valued at 100 NIS (around 25 US dollars). This modest amount was deemed by the researchers and ethics committee to be an appropriate incentive and compensation for participants\' time without being coercive.

Household food security was measured using the United State Department of Agriculture 18-item Household Food Security Survey Module ([@B24]), adapted for use in Israel by the National Insurance Institute of Israel (*Hamosad l\'Bituah Leumi*) ([@B22]). Missing data were imputed according to USDA guidelines ([@B24]). Food security scores were recorded as the number of positive answers (divided by the number of possible answers−18 for households with children or 10 for families without children under the age of 18). Households were classified according to their score as either food secure, food insecure without hunger, food insecure with moderate hunger, or food insecure with severe hunger.

Participants were asked to report past or current diagnoses of non-communicable, diet-related medical conditions---anemia, osteoporosis, high cholesterol, high blood pressure, high triglycerides, stroke, and cancer. Participants also rated their general health as "very good, good, not so good, or not good at all." Body Mass Index (BMI) was derived from self-reported height and weight according to the formula: BMI = weight \[Kg\]/(height \[m\])^2^. Participants were classified as having normal or unhealthy weight according to the standard categories: BMI \< 18.5--Underweight; 18.5\>BMI \< 25--Normal; 25\>BMI \< 30--Overweight; BMI\>30--Obese. These items were adopted from the Israeli National Health and Nutrition Survey ([@B25]).

Individual dietary intake was assessed using an Israeli semi-qualitative Food Frequency Questionnaire (FFQ) that was originally designed to be administered in person ([@B26]). For telephone administration, we provided participants with an illustrated food portion guide by e-mail or by NPO staff prior to the survey. The questionnaire consists of 126 items that are typically consumed in the Israeli diet. Participants were asked how frequently and how much they typically ate of each food item during the preceding year. Daily energy, protein, fiber, vitamin and mineral, and fruit and vegetable intakes were calculated, allowing for comparison of these data to age and sex-specific dietary requirements. By convention, implausible FFQ responses were excluded from the analyses where self-reported energy intake fell below 600 or above 4,000 kcal/d ([@B27]).

Participants were also asked about their knowledge and attitudes regarding nutrition, and whether they would be willing hypothetically to participate in future research and provide access to their medical records. When participants volunteered relevant information beyond the questionnaire, it was recorded as qualitative data. Interviews were conducted in Hebrew and Arabic, using translated questionnaires.

In addition to referring participants to the survey, NPO staff also recorded the contents of a food basket that the participating household received and responded to a questionnaire regarding their operations, food procurement and distribution, and to their knowledge and interest in nutrition. Food basket and participant survey data were collected on routine distribution days that did not precede any holiday.

We devised two quality scores to evaluate the nutrient content of both the individual diets and food baskets (for a more detailed account see the [Online Supporting Information](#SM1){ref-type="supplementary-material"}): *The Healthy Portions Score (HPS)* measures adherence to the "Basic Healthy Food Basket Guidelines" established by the Government of Israel\'s National Nutritional Security Council and Ministry of Health ([@B28]). These guidelines define adequate portion sizes for each of 5 healthy food groups (whole grains, fruits, vegetables, protein-rich foods, and fats and oils) and the number of recommended daily portions for individual consumption according to age and sex. The HPS is a food-based score rather than a nutrient-based score. The division of total healthy portions by total energy is meant to account for unhealthy foods in the diet such that the HPS score increases as the number of healthy portions in the diet increases, but decreases with increasing total energy intake. Because the score is driven by the *absolute* number of healthy portions, the higher the score the higher the quality of food or diet.*The Nutrient Density Score (NDS*) captures the degree to which the diet achieves the recommended dietary allowance (RDA) for vital macro and micronutrients, divided by the overall energy density of the food. Because the NDS assigns a single number score to express the overall density of multiple nutrients in foods, it can be used as a simple index to compare the *relative* nutritional quality of different foods ([@B29], [@B30]). In a similar way, it can be calculated for whole diets, as we did here. In this case it expresses the diet\'s ability to supply the RDA for the nutrients included in the score, assuming that energy intake is adequate. A score of 1 indicates a food or diet that provides 100% of the RDA at the required energy intake; a score \< 1 indicates some degree of deficiency, and a score higher than 1 indicates possible excess.

Statistical Analysis
--------------------

Analyses were performed using SPSS version 24.0 (IBM, Armonk, NY). Distribution measures (center and spread---Median, Mean, SD, quartile ranges) were computed for continuous variables and frequency tables were generated for discrete variables. Main outcomes included dietary quality (FFQ energy, protein, fiber and micronutrient intake, fruit and vegetables consumption, and derived HPS and NDS scores), self-reported health and food security status. Univariate analysis was used to identify simple associations and potential covariates, using bivariate correlations, *t*-tests or one-way ANOVA for continuous variables and the χ^2^ test for discrete variables as appropriate. Fixed factors included food basket total energy, protein, fiber, micronutrient, fruit and vegetables, and basket quality scores (bHPS and bNDS) as well as Leket Israel\'s contribution to these factors. All demographic factors, nutritional views and habits, such as smoking, and survey data were examined for collinearity with primary outcomes as covariates. Factors found in univariate analysis to show significant associations or trends for association (*P* \< 0.1) were entered into the multivariable model and the most parsimonious models were selected in the final analysis. Unless specified otherwise, a *P*-value lower than α = 0.05 was considered statistically significant.

Results {#s3}
=======

Study Flow and Feasibility
--------------------------

Twenty-two food pantries/NPOs were invited to participate in the study and 16 agreed to participate. Their characteristics are given in Table [1](#T1){ref-type="table"}. Half were based in the Northern region (8 of 16) accounting for nearly two thirds of participants in this study. The study flow is depicted in Figure [1](#F1){ref-type="fig"}. A total of 152 clients consented to participate in the study and 106 were sequentially interviewed to ensure that the enrollment target was met. Of these, 105 successfully completed the phone interview. Only one participant failed to complete an interview after beginning it. The mean interview duration was 58 ±18 min (mean± SD). Twenty-two interviews were done in Arabic and the rest in Hebrew. 73.3% of the clients agreed theoretically to provide access to medical records in the future.

![Study population flow chart.](fnut-05-00123-g0001){#F1}

Population Characteristics
--------------------------

Table [2](#T2){ref-type="table"} gives the population characteristics. The mean age was 51.1 ± 14.5 years (median age 48) and 77.1% were female. The majority of those surveyed identified as Israeli Jews, with the remainder either Israeli Muslims, Druze, Christian or Others (75.2, 12.4, 8.6, 1.9, and 1.9%, respectively). About a third of the population earned a salary during the 3 months prior to the interview, 40% received a disability allowance or pension, and 25.7% were unemployed, either by choice or not. Mean income reported from all sources (including benefits) was 4,458 ± 2,497 NIS (Median 4000 NIS, when 1 NIS = \~0.285 US \$) and the mean number of household members was 4.4 ± 2.5 (Median 4). 64.8% of households included children under the age of 18. The vast majority of participants (96%) reported some degree of interest in the relationship between nutrition and health.

###### 

Characteristics of the aid-recipients participating in the study.

                                                                 **Mean ± SD**   **Median**
  -------------------------------------------------------------- --------------- ------------
  Age                                                            51.1 ± 14.5     48
  Income, NIS (*N* = 96)                                         4,458 ± 2,497   4,000
  Number of household members                                    4.4 ± 2.5       4
                                                                 **N**           **(%)**
  Children \< 18 y old in household (yes)                        68              (64.8)
  Gender (female)                                                81              (77.1)
  **INTEREST IN NUTRITION AND HEALTH (*****N*** **=** **101)**                   
  To a very large extent                                         43              (42.6)
  To a large extent                                              38              (37.6)
  To a small extent                                              16              (15.8)
  Not at all                                                     4               (4.0)
  **ETHNICITY**                                                                  
  Jewish                                                         79              (75.2)
  Muslim Arab                                                    13              (12.4)
  Christian Arab                                                 2               (1.9)
  Druze                                                          9               (8.6)
  Other                                                          2               (1.9)
  **MARITAL STATUS**                                                             
  Unmarried                                                      4               (3.8)
  Married                                                        59              (56.2)
  Divorced/separated                                             31              (29.5)
  Widowed                                                        11              (10.5)
  **EMPLOYMENT DURING THE LAST 3 MONTHS**                                        
  Disability                                                     24              (22.9)
  Salaried/self-employed                                         36              (34.3)
  Pensioner                                                      18              (17.1)
  Unemployed                                                     13              (12.4)
  Housewife                                                      14              (13.3)
  Smoking (yes, currently)                                       25              (23.8)

*All data are self-reported. Total sample size - 105 unless stated otherwise*.

*NIS, New Israeli Shekel*.

Self-Reported Food Security and Health
--------------------------------------

Table [3](#T3){ref-type="table"} describes the food security and health status of the study population. Although it included only food pantry users, 17.1% reported a food secure household. 37.1% of participants reported food insecure households but not experiencing hunger, while 45.7% suffering from food insecurity with moderate or severe hunger. When asked to describe their subjective feeling of health, the majority of the population (57.1%) reported their health as "good" or "very good," while 27.6% said it was "not so good" and 15.2% responded their health was "not good at all." Over a third of the population reported having been diagnosed or presently suffering from conditions related to metabolic syndrome or cardiovascular disease such as high blood pressure or high cholesterol (40 and 33.3%, respectively) and 22.9% reported a history of high triglycerides. 10.5% of the participants reported having a diagnosis of diabetes. When asked about non-communicable diseases involving nutritional deficiencies, 36.2% reported a previous diagnosis of iron-deficiency anemia, and 11.4% of osteoporosis. Based on self-reported height and weight, mean body mass index (BMI) was 28 (Median 26.9, SD ±6.5). More than a third of the study population were classified as obese (34.3%), and 22.9% were over-weight. Only 35.2% had normal BMI and only 3 participants were underweight. The true prevalence of unhealthy weight in this study is likely to be somewhat higher than these values, because people typically understate their weight and overstate their height compared to measured data.

###### 

Food security, health, and anthropometric status of the study participants.

                                                     ***N***                     **%**
  -------------------------------------------------- --------------------------- ----------------
  **FOOD SECURITY**                                                              
  Food secure                                        18                          17.1
  Food insecure without hunger                       39                          37.1
  Food insecure with moderate hunger                 40                          38.1
  Food insecure with severe hunger                   8                           7.6
  **GENERAL HEALTH**                                                             
  Very good                                          16                          15.2
  Good                                               44                          41.9
  Not so good                                        29                          27.6
  Not good at all                                    16                          15.2
  **NON COMMUNICABLE DISEASES (NCDs)**                                           
  High blood pressure                                42                          40.0
  Anemia                                             38                          36.2
  High cholesterol                                   35                          33.3
  Triglycerides                                      24                          22.9
  Osteoporosis                                       12                          11.4
  Diabetes                                           11                          10.5
  Cancer                                             6                           5.7
  Stroke                                             1                           1.0
  **BODY MASS INDEX (BMI)(*****N*** **=** **100)**                               
  Underweight (\< 18.5)                              3                           2.9
  Normal weight (18.5-24.9)                          37                          35.2
  Over-weight (25-29.9)                              24                          22.9
  Obese (\>30)                                       36                          34.3
                                                     **Mean BMI** **±** **SD**   **Median BMI**
                                                     28 ± 6.5                    26.9

*All data are self-reported. Total sample size = 105 except where indicated otherwise. NCDs, Non-communicable diseases; BMI, Body mass index*.

Pantry Users\' Dietary Quality
------------------------------

Table [4](#T4){ref-type="table"} describes the self-reported dietary intake for the study population as measured by FFQ. Only 4.4% consumed enough healthy portions per day to meet the government\'s "Basic Healthy Food Basket Guidelines," and only half of the population met the recommended intake of fruit and vegetables. The mean energy intake was 1,974 ± 661 kcal/d (Mean ± SD, Median 1,886 kcal) which represents 128.7% of the mean recommended intake. Nevertheless, only 64% of participants reported intake that met their estimated energy requirements (EER). The situation was better for protein, with mean consumption of 80.9 gr protein per day, and over 72% reaching recommendations. However, the population\'s intake of many essential micronutrients was well below the recommended daily allowance (RDA). For example, only half of the population achieved the RDA for thiamine (52.2%) and iron (51.1%), less than half consumed enough fiber (44.4%), magnesium (34.4%), folate (24.4%), calcium (18.9%), vitamin E (3.3%), and none (!) reached the recommendation for vitamin D. Figure [2](#F2){ref-type="fig"} depicts the high proportion of subjects not reaching the RDA for these nutrients, and Figure [3](#F3){ref-type="fig"} shows how, in addition the proportion of the study population failing to achieve the Estimated Average Requirements (EAR). These data are characteristic of poor quality of diet: some of the population consume excess calories, others fail to meet their energy needs, but the majority are deficient in essential micronutrients.

###### 

Quality of habitual individual dietary intake as assessed by Food Frequency Questionnaire (FFQ).

  **Nutrient**                                                    **Mean ± SD**      **Dietary Requirement (EER or DRI)**   **Mean intake (% recommended)**   **% participants achieving recommended intake**
  --------------------------------------------------------------- ------------------ -------------------------------------- --------------------------------- -------------------------------------------------
  Total healthy portions                                          14.2 ± 5.7         24.1                                   59.0                              4.4
  Total fruit & vegetable portions                                7.6 ± 4.1          7.1                                    106.8                             50.0
  Individual Healthy Portion Score (iHPS---portions /1000 kcal)   7.4 ± 2.0          n.a.                                   n.a.                              n.a.
  Individual Nutrient Density Score (iNDS---%RDA/100 kcal)        6.2 ± 1.7          n.a.                                   n.a.                              n.a.
  Energy (kcal)                                                   *1, 974.5*±660.9   1640.5                                 128.7                             64.0
  Protein (gr)                                                    80.9 ± 30.3        60.2                                   141.6                             72.4
  Dietary Fiber (gr)                                              23.0 ± 8.1         25.2                                   91.4                              44.4
  Calcium (mg)                                                    779.8 ± 403.6      1056.6                                 73.8                              18.9
  Iron (mg)                                                       11.5 ± 3.8         10.4                                   110.3                             51.1
  Magnesium (mg)                                                  303.5 ± 104.9      342.9                                  88.5                              34.4
  Vitamin A RAE (mcg)                                             *1, 075.6*±757.7   745.4                                  144.3                             61.1
  Vitamin E (mg)                                                  8.6 ± 3.3          15.0                                   57.3                              3.3
  Vitamin D (IU)                                                  115.0 ± 85.2       621.6                                  18.5                              0.0
  Vitamin C (mg)                                                  167.5 ± 103.5      78.2                                   214.1                             83.3
  Thiamin (mg)                                                    1.2 ± 0.5          1.1                                    110.6                             52.2
  Riboflavin (mg)                                                 2.0 ± 0.9          1.1                                    177.3                             86.7
  Niacin (mg)                                                     18.2 ± 6.3         14.5                                   125.4                             73.3
  Pantothenic acid (mg)                                           6.1 ± 2.3          5.0                                    122.7                             61.1
  Vitamin B6 (mg)                                                 1.8 ± 0.7          1.4                                    129.0                             67.8
  Folate (mcg)                                                    319.6 ± 117.6      400.0                                  79.9                              24.4
  Vitamin B12 (mcg)                                               5.5 ± 4.8          2.4                                    229.6                             78.9

*N = 90. Individuals reporting energy values below 600 kcal/day or greater than 4000 kcal/day were excluded. Estimated energy requirement (EER) was calculated for each individual according to the Mifflin-Jeor formula, assuming sedentary lifestyle as default activity level. Required vitamin and mineral intake was set for each participant according to age and sex specific USA Recommended Daily Allowances (RDA) or Adequate Intakes (AI) for each nutrient and healthy portions requirements recommended by the National Nutrition Security Council. n.a. Not applicable*.

![Dietary intake of study participants in in relation to recommended daily allowance (RDA). Blue bar represent mean dietary intake of the study cohort expressed as % of RDA. Red bars represent % of survey participants whose habitual diet fails to achieve the RDA.](fnut-05-00123-g0002){#F2}

![Dietary intake of study participants in in relation to estimated average requirement (EAR). Blue bar represent mean dietary intake of the study cohort expressed as % of EAR. Red bars represent % of survey participants whose habitual diet fails to achieve the EAR.](fnut-05-00123-g0003){#F3}

Food Basket Quality
-------------------

Table [5](#T5){ref-type="table"} describes the quality, nutrient content and adequacy of food baskets in relation to household nutritional requirements, assessed by the number of household members, their age and gender. On average, food baskets provided approximately one third of the recommended number of healthy portions required per household (36%) but almost all of the recommended portions of fruits and vegetables (87%). The average basket provided only 29.8% of a household\'s required energy, 54.9% of their protein and 49.9% of their recommended allowance of fiber. However, the distribution of basket content of most nutrients was skewed to the left. Only 1.1% of the baskets provided the total household energy requirements, and only 11.1% met the requirements for protein and dietary fiber. Analysis of the basket micronutrient content revealed their limited dietary quality. Less than one third of the baskets provided the full household requirement for most minerals and vitamins, only 14.4% of baskets provided the recommended total number of healthy portions, and only one quarter of the baskets supplied the number of fruit and vegetable portions recommended per household (Figure [4](#F4){ref-type="fig"}).

###### 

The quality, nutrient content and adequacy of food baskets in relation to household nutritional requirements.

  **Nutrient**                       **Mean**   **SD**     **Portion of household requirement provided on average by baskets (%)**   **% of baskets to provide household requirement**
  ---------------------------------- ---------- ---------- ------------------------------------------------------------------------- ---------------------------------------------------
  Total healthy portions             191.4      136.9      36.4                                                                      14.4
  Total fruit & vegetable portions   136.9      110.6      87.0                                                                      25.6
  Basket HPS (portions/1000 kcal)    20.0       20.3       Not applicable                                                            Not applicable
  Basket NDS (%RDA/100 kcal)         0.3        0.3        Not applicable                                                            Not applicable
  Energy (kcal)                      16,641.9   12,749.3   29.8                                                                      1.1
  Protein (gr)                       556.8      483.6      54.9                                                                      11.1
  Dietary Fiber (gr)                 313.8      239.5      49.9                                                                      11.1
  Calcium (mg)                       4,557.5    3761.6     17.9                                                                      0
  Iron (mg)                          167.5      159.1      90.1                                                                      24.4
  Magnesium (mg)                     3,066.4    4,492.9    37.7                                                                      4.4
  Vitamin A RAE (mg)                 42.3       58.8       329.4                                                                     48.9
  Vitamin E (mg)                     93.4       71.9       27.9                                                                      1.1
  Vitamin D (IU)                     15.5       28.2       3.2                                                                       0
  Vitamin C (mg)                     1,743.0    1,424.6    109.8                                                                     46.7
  Thiamin (mg)                       11.9       7.8        50.5                                                                      7.8
  Riboflavin (mg)                    24.4       33.8       113.4                                                                     18.9
  Niacin (mg)                        214.0      253.6      69.9                                                                      16.7
  Pantothenic acid (mg)              81.4       120.6      91.2                                                                      17.8
  Vitamin B6 (mg)                    22.2       18.5       79.0                                                                      20.0
  Folate (mcg)                       7,725.3    9,647.6    117.1                                                                     21.1
  Vitamin B12 (mcg)                  121.0      278.1      360.0                                                                     14.4

*N = 90. Basket quality was calculated based on the food content of a routine basket provided to each household surveyed. The amount of food provided per week was calculated and compared with the weekly household requirements taking into account the age and gender of all members of the study participant\'s household. Households of participants reporting energy intake values below 600 kcal/day or greater than 4000 kcal/day were excluded from the analysis. Dietary requirements are based on the USA Recommended Daily Allowance (RDA) for nutrients and by the household energy and healthy portions requirements recommended by the National Nutrition Security Council*.

![Basket contribution to household dietary requirements Blue bars represent % of household requirement provided by average food aid basket. Red bars represent % of baskets that do not meet household requirements.](fnut-05-00123-g0004){#F4}

Table [6](#T6){ref-type="table"} gives the contribution of food provided by the Leket Israel food bank to the nutrient content of the food pantries\' food-aid baskets. The food provided by Leket Israel makes up 64.7% of the total number of healthy portions and 89.5% of the fruit and vegetable portions in an average food pantry or NPO basket. Although Leket Israel contributes 15.9% of the baskets\' total energy content and 16.2% of the protein, Leket Israel\'s contribution makes up half of the fiber, 67.9% of the vitamin C, 55.4% of the calcium, 41.5% of the vitamin A and between 17 and 36% of the content of vitamin B1, B5, and B6, vitamin E, Folate, and Magnesium. These findings indicate the very substantial contribution of fruit and vegetables to the overall nutritional quality and nutrient-density of food-aid parcels.

###### 

The contribution of food provided by the Leket Israel food bank to the nutrient content of the food pantries\' aid baskets.

  **Nutrient**                       **Total weighted mean nutrient content**   **NPOs portion of the total**   **Leket Israel\'s portion of the total**   **Leket Israel % of total**
  ---------------------------------- ------------------------------------------ ------------------------------- ------------------------------------------ -----------------------------
  Total Healthy portions             191.4                                      67.5                            123.9                                      64.7
  Total Fruit & vegetable portions   136.9                                      14.4                            122.5                                      89.5
  Energy (kcal)                      16,641.9                                   14,004.3                        2,637.6                                    15.9
  Protein (gr)                       556.8                                      466.4                           90.4                                       16.2
  Dietary fiber (gr)                 313.8                                      156.9                           156.9                                      50.0
  Pantothenic Acid (B5, mg)          81.4                                       67.4                            14.0                                       17.2
  Calcium (mg)                       4,557.5                                    2,033.7                         2,523.8                                    55.4
  Iron (mg)                          167.5                                      128.3                           39.2                                       23.4
  Magnesium (mg)                     3,066.4                                    1,979.6                         1,086.8                                    35.4
  Thiamin (B1, mg)                   11.9                                       8.1                             3.8                                        31.9
  Riboflavin (B2, mg)                24.4                                       20.9                            3.5                                        14.3
  Niacin (B3, mg)                    214.0                                      175.0                           39                                         18.2
  Vitamin A RAE (mg)                 42.3                                       24.8                            17.5                                       41.5
  Vitamin E (mg)                     93.4                                       66.7                            26.7                                       28.6
  Vitamin C (mg)                     1,743.0                                    560.0                           1,183.0                                    67.9
  Vitamin D (IU)                     15.5                                       14.0                            1.5                                        9.7
  Vitamin B6 (mg)                    22.2                                       14.2                            8.0                                        36.0
  Folate (mcg)                       7,725.3                                    5,664.7                         2,060.6                                    26.7
  Vitamin B12 (mcg)                  121.0                                      120.5                           0.5                                        0.4

*Values are weighted means: the contribution of each NPO\'s routine basket to the mean was weighted by the number of individual aid-recipients recruited for the study from that NPO out of the total sample size of 90 participants with valid dietary data (see Table [1](#T1){ref-type="table"})*.

Association Between Food Basket Quality, Individual Diet Quality Food Security and Health
-----------------------------------------------------------------------------------------

Although the baskets provided a relatively small portion of the dietary requirements of the recipients (as shown by Table [5](#T5){ref-type="table"}) the quality of food aid as indicated by the basket healthy portion score (bHPS) was positively correlated with the quality of the aid-recipients\' diet (iNDS). In other words, better quality baskets were correlated with healthier diets. The unadjusted bHPS was positively correlated with the individual dietary nutrient density (iNDS, bivariate correlation coefficient R = 0.27, *p* \< 0.01). In a linear regression, the correlation remained highly significant even after adjusting for gender, marital status, and country of birth (Standardized β = 0.22, *p* = 0.03. Overall model R^2^ = 0.18, *F* = 4.65, *p* \< 0.01). Other significant predictors of iNDS were country of birth (Standardized β = 0.26, *p* = 0.01) and gender (Standardized β = 0.213, *p* = 0.04). Fruits and vegetable portions contributed by *Leket Israel* correlated positively with dietary quality (iNDS) after adjustment for the same covariates (Standardized β = 0.20, *p* = 0.04). Figure [5](#F5){ref-type="fig"} (R^2^ = 0.41, *F* = 60.0, *p* \< 0.001) clearly shows the linear relationship between bHPS and the unstandardized iNDS values predicted by this linear regression model.

![Relation between food aid quality and the quality of individual aid recipient diet. Chart shows unstandardized predicted individual nutrient density scores (iNDS) predicted by basket healthy portion scores (bHPS) in regression adjusted for gender, marital status, and country of birth.](fnut-05-00123-g0005){#F5}

As expected, the participants\' subjective sense of general health was significantly correlated with most of the self-reported medical conditions (Osteoporosis, high cholesterol, triglycerides, and high blood-pressure) and very highly correlated with total number of self-reported medical conditions (*F* = 14.8, *p* ≤ 0.001). Although general health was not significantly associated with the severity of food insecurity (*F* = 2.26, *p* = 0.09), the severity of food insecurity was significantly associated the number of non-communicable diseases (NCDs, Pearson correlation coefficient = 0.25, *p* = 0.02). A self-reported history of anemia was associated with a trend for lower dietary iron intake as assessed by FFQ: The χ^2^ test shows that individuals reporting anemia were significantly more likely to have dietary iron intake below the RDA than those without a history of anemia (χ^2^ = 5.47, *p* = 0.012). Individuals with a history of anemia also received aid baskets with significantly lower Nutrient Density Scores (*t* = −2.20, *p* = 0.03). Unexpectedly, individuals who reported a diagnosis of diabetes had better diets compared to those who did not report diabetes as indicated by a higher healthy portions density (*t* = 2.30, *p* = 0.02) and higher nutrient density score (*t* = 2.69, *p* \< 0.01). Qualitative data from our interviews indicated that this is probably due to lifestyle changes made by diabetics due to their condition and treatment by doctors and dieticians in the community. Other than this, basket quality was not cross-sectionally related to chronic health conditions.

Discussion {#s4}
==========

The need for research relating the quality of food provided by food banks and pantries in affluent countries to the quality of the aid recipient\'s diet and health has been highlighted by recent systematic reviews and meta-analyses ([@B20], [@B21]). Analyzing this linkage is essential to evaluate the impact of food bank interventions. Our study addressed this important question by simultaneously assessing food-aid and individual dietary quality in a reasonably large convenience sample representing a wide variety of food pantries and social diversity.

We found a significant positive correlation between the quality of the food-aid supplied by NPOs in the Leket Israel collaborative and the quality of the aid-recipients\' diet. The correlation indicates that the NPOs adherence to government guidelines regarding a healthy diet on a tight budget is associated with recipients benefiting from more nutrient dense diets, regardless of relevant demographic factors. This finding is important because it suggests that nutritionally high-quality food distribution can contribute to the diet quality of food insecure populations. This is relevant to resource allocation and policy making within NPOs, food banks, and the government.

Absent an index reflecting Israeli guidelines and realities, we devised a new score, the HPS, to assess how well food baskets and individual diets conform to Israeli government guidelines based on the "Mediterranean diet" to promote healthful, adequate nutrition even for households on a tight budget ([@B28]). This score is conceptually similar to the Healthy Eating Index (HEI) developed in the USA to assess conformance of individual diets with official government recommendations ([@B31], [@B32]). Our findings lend confidence to the validity and utility of using the basket HPS to inform Israeli food security policy. Its use here provides the first quantitative evidence that efforts to distribute fruit and vegetables through the supply chain from food bank through pantry to recipient yields measurable benefit for the individuals who receive the food.

An interesting observation, consistent with similar accounts in the literature ([@B21], [@B33]--[@B35]), is that the correlation between food-aid quality and recipient diet quality was positive despite the limited nutritional adequacy of the food baskets in the present study. The fact that, despite being inadequate, the number of healthy portions of fruits and vegetables in the food-aid correlated with a better habitual recipient diet suggests that food-aid composition may have behavioral or educational benefits beyond their inherent nutritional and economic value. The literature shows that food, vouchers, and cash transfers are not simply fungible; although they increase the recipients\' purchasing power to the same extent, they can influence behavior differently, depending on factors such as the degree of poverty and accessibility and availability of nutritious food ([@B36]--[@B39]). The more the responsibility of food banks for hunger relief in affluent countries increases, the more information we need on how food aid composition influences recipient dietary behavior. This in turn will enable food banks and policy makers to optimize the quantity and quality of food-aid that will better promote recipient food security, nutrition, and health.

Such optimization is well warranted. As expected, the dietary assessment of the study population revealed significant deficits with high percentages of participants not reaching requirements for protein, calcium, vitamin D, vitamin E, folate, fiber, or government recommendations of healthy food portions. This is consistent with the literature on food pantry users elsewhere ([@B20], [@B33], [@B40]--[@B45]). As also might be expected from the international literature ([@B15], [@B16], [@B20], [@B46]--[@B51]) our study documented poor health among Israeli food pantry users. The prevalence of non-communicable diseases, obesity and subjective poor health were considerably higher than among the general Israeli population. For example, 84% of all Israeli adults report "good" or "very good" health in national surveys, as do 59% of older adults above age 75 ([@B52]). In contrast, only 57% of our population reported "good" or "very good" health, despite their much younger mean age of \~51 years. Data from a National Insurance Institute and Ministry of Health survey of food insecure households show that one third of surveyed households had at least one member with diet-related conditions including anemia (33%), high blood pressure (22%), diabetes (17%) and cardiovascular disease (12%). These rates are 2--3 times higher than would be expected in the general population ([@B53]). Self-reported rates of these conditions among our sample of food pantry users were even higher (Table [3](#T3){ref-type="table"}). Furthermore, 34 % of our study population were classified as obese which is nearly twice the 18% prevalence in the general Israeli population ([@B52]). These findings underscore the importance of ensuring access to healthful food for this population which experiences a high burden and premature onset of diet-related diseases.

Our study has several limitations. Nearly half our survey population reported food insecurity with some degree of hunger; however, the fact that 17% of pantry users\' self-report indicated that they were not food insecure points to the challenge of the subjective household food security questionnaire. The personal and invasive nature of the questions can bias the responses by evoking embarrassment or a desire to please the interviewer or through perceived harm or benefit that the participant might associate with a given response to some questions. While the interviewers\' impression was that most of the respondents openly answered the questions, the incomplete response rate was rather high (Figure [1](#F1){ref-type="fig"}). The fact that the majority of participants reported high or very high interest in nutrition also raises the possibility of self-selection bias. Convenience recruitment by food pantries\' staff might similarly entail bias, selecting for compliant participants or for those with an especially dire situation who would be more highly motivated for compensation. The purpose of this exploratory survey limited to a convenience sample of 100 individuals was to develop methodology and ascertain options for more robust follow-up research. Nevertheless, our sample size and its diversity are well within the norms for the handful of comparable studies in the literature, which also tend to be relatively small and local ([@B20], [@B21]). Although our sample is not strictly representative or proportional, it nevertheless captures considerable regional and ethnic diversity from the target population across the country, as well as a spectrum of contributing factors for food insecurity (i.e., low income, large household size, single breadwinner, employment status, disease and disability, age, and immigrant status). It should be noted that the FFQ was not formally validated for use in this particular---i.e., food insecure---population. It was designed for the general Israeli population but may fail to capture foods that may be uniquely consumed by Israeli Arabs, Ethiopian immigrants or other ethnic groups ([@B26], [@B54]). Due to the small sample size we were unable to analyze ethnic subgroups separately, but it will be important to address this question in future studies ([@B55]). While the FFQ is the best available tool for measuring habitual intake, its limitations include overestimation compared to 24-h recall questionnaires ([@B27], [@B56], [@B57]) and is considered a cognitively difficult task ([@B58]).

Future studies will need to consider additional issues that were beyond the scope of the present undertaking. Although we incorporated household size into our basket quality measures, we relied on a single adult respondent to represent household diets. Future work should address differences in food allocation and utilization between children and adult household members ([@B19]). Indeed, some participants in our study remarked that they gave any food-aid to their children, placing their children\'s needs before their own; however, we could not address this issue quantitatively in the present study. It will also be interesting to probe household economics more deeply: How much of the limited income is allocated to different needs and what are their trade-offs with the procurement of food? What are the other sources of food in the household? How do families reorganize to deal with food insecurity? How does nutritional knowledge affect food purchase choices? Consideration of food prices should be incorporated in future analyses for the development of indices which score food baskets and diets not only by their nutritional quality, but also by their cost and accessibility. Future studies may use our survey approach to examine the cultural appropriateness of the food aid in light of the experience and attitudes of the recipients.

Empirical research alone cannot answer the larger question of whether food banks are an appropriate or ethical response to food insecurity and poverty in affluent societies. Nevertheless, data are vital to inform and guide the policy debate as charitable food banks become increasingly embedded in national responses to poverty and hunger. While cross-sectional research like the present study can demonstrate association but not causation, methods and measures similar to those we developed here can be used in future prospective observational studies and perhaps even randomized interventions to assess the potential drawbacks and benefits of efforts to mitigate food insecurity and accompanying ill health. Data on how food banks influence their users\' health is crucial to inform practice and policies that not only alleviate immediate hunger, but contribute effectively and ethically to the long-term health and wellbeing essential to escaping the downward spiral of poverty. This study represents a necessary step in that direction.
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